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( , , ) ( , ) i tw r t w r e ωθ θ −= ⋅
( , , , ) ( , , ) i tp r z t p r z e ωθ θ −= ⋅
4 2 ( , )pD w h w p rρ ω θ∇ − = ∆  
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( , ) ( ) cos( )nmw r W r mθ θ= ⋅
( ) ( ) ( )n n n n nm m m m m m mW r A J r B I rβ β= +
EIAE    UPM 
















EIAE    UPM 



















EIAE    UPM 











ep x y z p d d
z R
ξ η ξ η
π
 ∂
= − ∆  ∂  
∫∫ 
R x ξ= −


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Λ = − ⋅ ⋅∫
ijΛ
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 { } { }12n n nmi m ij mjP q Wρ ω
−
∞  ∆ = Λ 
[ ]{ } [ ]{ }
[ ] [ ]{ }
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12
n v n n v n




D W S W q h W S W q
W S W q
ρ ω
ρ ω −∞
   ∇ ∆ − ∆ =   
  = Λ ∆   
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[ ] [ ] [ ]( ) { }2 0FK M M qω − + = 
[ ]{ }4nv n vmu m uK D W S W = ∇ ∆ 
[ ]{ }nv n vmu p m uM h W S Wρ  = ∆ 
[ ] [ ]{ }1
T
nv n v
Fmu m uM W S Wρ
−
∞
  = Λ ∆   
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Gallego-Juárez  ref[ 11] Amabili-





566 565 527 667 1181 
3908 2700 2684 3336 5045 
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Kwak  ref[ 7] 
Vacuum 
frequency  
65.4 67.8 78 147 
475 314 393 627 
180 159 190 328 
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99 10E Pa= ⋅
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39.6 31.59 31.37 154.1 146.8 144.5 345.3 333.1 339.4 
0
0vf i 00af c 10vf i cc10af
2
0vf 20afi
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35.3 30.75 30.63 150.61 140.79 136.5 343.7 332.4 337.1 
0
0vf i 00af c 10vf i cc10af
2
0vf 20afi
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